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Some yea r s  ago R a e u c h l e  & l~undle  (1952) descr ibed  t h e  
s t r u c t u r e  of Be~2Ti as d i so rde red  hexagona l ,  w i t h  
a 0 = 29.44 a n d  c o = 7.33 A, f rom an  X - r a y  s t u d y  of a single 
c rys ta l .  More recen t ly ,  Zalkin ,  Sands ,  Bed fo rd  & Kr i -  
k o n i a n  (1961) have  r e p o r t e d  a t e t r a g o n a l  s t r uc tu r e  for 
th is  phase ,  t he  ana lys is  be ing  m a d e  f rom p o w d e r  pa t t e rns .  

D u r i n g  inves t iga t ions  of a l loys of be ry l l i um car r ied  
ou t  b y  t h e  p re sen t  au thor s ,  also by  p o w d e r  m e t h o d s ,  
be ry l l i um- r i ch  al loys of be ry l l i um a n d  t i t a n i u m  have  
cons i s t en t ly  shown  the  p resence  of a c o n s t i t u e n t  of 
t e t r a g o n a l  s t r u c t u r e  s imilar  to t h a t  of Zalkin .  I t  was  also 
no t i ced  t h a t  t he  a l loy Bex2V gave  a v e r y  s imilar  p o w d e r  
p a t t e r n ,  ind ica t ive  of an  i s • s t r u c t u r a l  cha rac t e r .  The  
l i t e ra tu re  d a t a  a n d  those  o b t a i n e d  in t he  work  r epo r t ed  
here  are  compi led  in Tab le  1. 

Tab le  1 also inc ludes  s t r uc tu r e  d a t a  w h i c h  have  been  
r e p o r t e d  for a n o t h e r  B e - T i  phase  of compos i t ion  
BexvTi~. A l t h o u g h  these  d a t a  differ s o m e w h a t  in deta i l ,  
it  is c lear  f r om a g lance  a t  t he  f igures t h a t  t h e y  are  all  
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Fig. 1. Hexagonal  cell derived from Be12 Ti tetragonal cells 
with aT/CT-~ ~3. 

O Ti atoms at a----0 level 
• Ti atoms at a = ½ level 

Be atoms not  shown. 

based  on a s imilar  p r imi t ive  cell of hexagona l  s y m m e t r y .  
Moreover  it  is possible to  d e d u c e  a re la t ionsh ip  w i t h  t h e  
t e t r a g o n a l  s t r u c t u r e  of Bel~Ti.  

B y  ana logy  w i t h  the  s t r uc tu r e  of Be12V (and also t h a t  
of Be12Cr) we are  jus t i f ied  in a s suming  t h a t  t e t r a g o n a l  
Be~2Ti has  t he  A6  Mn12Th s t ruc tu re ,  space g r o u p  
I4/mmm. The  re la t ionsh ip  b e t w e e n  this  a n d  the  hexagona l  
Bel~Ti 2 s t r uc tu r e  t h e n  becomes  a p p a r e n t  by  re fe rence  
to Fig.  1. Since for t he  t e t r agona l  cell, aT/CT is ve ry  n e a r l y  
equa l  to V3, a basic geome t r i ca l l y  hexagona l  cell can  be  
ou t l ined  (shown by  th i ck  lines), for wh ich  aH=7"35 A 
a n d  cH=any mul t ip l e  of 7"35 A. The  [010]T d i rec t ion  
cor responds  to t he  [0001]H di rec t ion .  

Fig.  2 shows a p ro jec t ion  on (010) of Mn a t o m s  in t h e  
Mnl~Th s t ruc tu r e  a n d  this  ind ica tes  how t h e y  (---Be 
a t o m s  in Be12Ti ) are  a r r a n g e d  in n e a r - h e x a g o n a l  sym-  
m e t r y .  

The  series of a l loys wh ich  we e x a m i n e d  a n d  wh ich  a re  
m e n t i o n e d  in Tab le  1 gave  X - r a y  p o w d e r  p a t t e r n s  wh ich  
were  r e m a r k a b l y  al ike.  The  pr inc ipa l  s t rong  ref lexions  
occu r r ed  a t  a lmos t  t he  same  Bragg  angles .  The  s igni f icant  
d i f ference  b e t w e e n  t h e  p a t t e r n  of a l loy IV,  con t a in ing  t h e  
hexagona l  phase ,  a n d  the  o thers ,  lay  chief ly  in t h e  m a m l e r  
in w h i c h  some of t he  s t rong  lines were  split .  

I t  appea r s  p robab le  the re fo re  t h a t  t h e  t r an s i t i on  in 
s t r u c t u r e  w i t h  change  of compos i t ion  f rom Be12Ti to  
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* Now at The Sir Jo lm Cass College, London, E.C. 3, 
England.  

Tab le  1. Structure data for beryllium alloys 

Alloy compositions used in I, I I ,  I I I ,  and IV were respectively | .5, 5.0, 20.0 and 31.0 wt. % Ti in Be. 

Source Phase Latt ice type and parameters  

Fig. 2. Projection on (010) of Mn atoms in the MnleTh structure 

-F Mn atoms at a----0 level. 4 per unit  cell 
x Mn atoms at a---- ½ level. 4 per unit  cell 
V Mn atoms at a=0 .25 ,  0.277, 16 per unit  cell 

or 0.361 levels. 

l~aeuchle & Rundle  BeleTi Hexagonal  a= 29.44 i c---- 7.33 A 
Zalkin et al. Be12Ti Tetragonal a---- 7.35 c---- 4.19 
Present work I Be12Ti Tetragonal a =  7.27 c---- 4.195 
Present  work I I  Be1~Ti Tetragonal a= 7.36 c= 4-195 
Present work I I I  Bel~Ti Tetragonal a---- 7.36 c= 4.195 
Present  work Be12V Tetragonal a---- 7-35 c =  4.24 
Zalkin et al. a-Bel~Ti 2 Rhombohedral  a= 7.392 c= 10.79 
Zalki~ et al. ~-Bel~Ti~. Rhombohedral  a---- 7.392 c =  7.30 
Paine & Carrabine Bel~Ti 2 Hexagonal  a = 7.34 c = 10.73 
Vainshtein, Blokhin & Kripyakevich (1962) BelTTi~ Trig•hal  a---- 7-40 c =  10.84 
Present w o r k I V  BelvTi ~ Hexagonal  a =  7.35 c =  7.26 

(Hex. axes) 
(Hex. axes) 
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fl-Bet7Ti 2 is a re la t ively simple one, in which  the [010]T 
direct ion becomes the  [0001]~ direction. Some t i t an ium 
a toms mus t  change from a = 0 to a = ½-positions, or vice 
versa, to complete  the  symmet ry ,  and  the removal  of 
7 Be a toms from the  uni t  cell involves a small decrease 
in the a tomic spacing in this direction,  from 7.36 to 
about  7.30 A. The removal  of 7 a toms wi thout  disrupt ing 
the  near-hexagonal  s y m m e t r y  displayed by the te t ragonal  
a r r angement  in Fig. 2 appears  difficult to accomplish.  
Remova l  of the two smaller layers is simple but  results 
in a loss of 8Be  atoms.  This raises the question of how 
accura te ly  the  composit ion of Be~TTi~ is known and  
whether  a composit ion BesTi is possible. 

The other  two hexagonal  s t ructures  of Table 1 can be 
der ived from this t ransformat ion,  l~aeuchle & Rundle ' s  
disordered hexagonal  s t ructure  has the same c pa ramete r  
as the fl-Be~TTi2 s t ruc ture  and  four t imes the a pa ramete r ;  

the  a-Be17Ti~ s t ruc ture  has the  same a pa rame te r  and 
approx imate ly  1.5 t imes the  c paramete r .  The above 
discussion also suggests the  possibility t ha t  Raeuchle  & 
Rundle ' s  s t ruc ture  de te rmina t ion  was carried out  on 
crystals of Bel~Ti~ instead of on crystals of Bel~Ti as 
they  believed. 
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I n t r o d u c t i o n  

Zirconia undergoes a diffusionless phase t ransformat ion,  
in the neighborhood of 1000 °C, from a monoclinie 
s t ructure,  space group P2t/c, to a te t ragonal  s t ructure,  
space group P4Jnmc.  

From the da ta  of MeCullough & Trueblood (1959) for 
monoclinie zirconia and  those of Teufer (1962) for 

te t ragonal  zirconia, one can draw the two projections of 
the s t ructures  shown in Figs. 1 and  2. The project ions 
show four uni t  cells of the  monoclinic s t ructure .  A fifth 
cell, indicated by dashed lines, differs only by the  choice 
of origin in order to render  it more direct ly  comparable  
to the  single te t ragonal  uni t  cell shown to the  right.  The 
te t ragonal  cell shown is not  the  convent ional  cell, but  a 
double one tha t  t radi t ional ly  has been used for comparison 
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Fig. 1. Projection of Zr02 structure parallel to y direction onto x-z plane. Left: monoclinic. Right: Tetragonal. Parts of four 
monoclinic cells enclosed by broken lines become tetragonal cell after transformation. Solid circles: Zr. Open circles: O. 


